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CROSS REFERENCE 
This application claims the priority of Korean Patent Application No. 2003-16842, filed 
on March 18, 2003, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates to a thin flat panel display and a method of manufacturing the same, 
and more particularly, to flexible flat panel displays. 

2. Description of the Related Art 

A substrate used in flexible flat panel displays must be flexible. A synthetic resin 
substrate is generally used as such a flexible substrate. However, such a synthetic resin substrate 
requires very complicated manufacturing conditions in order to form an electrode layer, an 
organic layer, a thin film transistor layer, and an orientation layer, and the like thereon. If the 
conditions are not satisfied, the synthetic resin substrate or the layers formed thereon are 
deformed. 

A method of manufacturing an image display device using a damp-proof substrate in 
consideration of this problem is disclosed in Japanese Patent Publication No. 2000-123971. JP 
2000-123971 discloses a method of manufacturing an organic electro-luminescent (EL) display 
device. In the disclosed organic EL display device, at least one of two insulative substrates is 
flexible, and at least one of the two insulative substrates is permeable to light. An electrode layer 
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is formed on each of the inner surfaces of the two substrates, and a luminescent layer is placed 
between the two electrode layers. The method of manufacturing the disclosed organic EL 
display device includes the steps of depositing an electrode layer and a luminescent layer on one 
substrate, depositing another electrode layer or the like on the other substrate, and closely 
5 adhering the two substrates to each other. 

SUMMARY OF THE INVENTION 
The invention provides a thin flat panel display which can be simply manufactured, and a 
method of manufacturing the same. 
10 The invention separately provides a method for manufacturing a thin flat panel display. 

An etchable upper substrate and an etchable lower substrate are prepared. At least two image 
display means are formed on an inner surface of the lower substrate in such a way that the at 
least two image display means are isolated from each other. The upper and lower substrates are 
combined together so that the image display means are individually sealed up. The outer 
15 surfaces of the upper and lower substrates are etched. The combined upper and lower substrates 
are cut such that each image display means is separate. 

The invention, separately provides another method for manufacturing a thin flat panel 
display. An etchable upper substrate and an etchable lower substrate are prepared for. One 
image display means is formed on an inner surface of the lower substrate. The upper and lower 
20 substrates are combined together so that the image display means is sealed up. The outer 
surfaces of the upper and lower substrates are etched. 

In various embodiments of the invention, the upper and lower substrates are formed of a 
glass-based material. 
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In various embodiments of the invention, after the upper and lower substrates are 
combined together, an unetchable protection film is attached to the lateral sides of the combined 
upper and lower substrates. 

In various embodiments of the invention, in the etching step, the outer surfaces of the 
5 upper and lower substrates are etched so that the upper and lower substrates have a total 
thickness of 0.5mm or smaller. 

In various embodiments of the invention, there is provided a thin flat panel display which 
includes an upper substrate, a lower substrate, an image display means, and a protection film. 
The upper and lower substrates are etched to have a thickness of 0.5mm or smaller and combined 
10 together. The image display means is formed on an inner surface of the lower substrate. The 
protection film is attached to the lateral sides of the combined upper and lower substrates. 

In various embodiments of the invention, the image display means includes a first 
electrode layer, a luminescent layer formed on the first electrode layer, and a second electrode 
layer formed on the luminescent layer. 
15 In various embodiments thin upper and lower substrates can be obtained while still 

employing a conventional method of manufacturing a flat panel display. Also, because an image 
display means is provided while the upper and lower substrates are still thick, the stability of the 
manufacturing process and the nondefective proportion of products are improved. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the invention will become more apparent 
by the following detailed description of exemplary embodiments thereof with reference to the 
attached drawings: 
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FIG. 1 is a cross-sectional view showing a thin flat panel display after a first step of a 
method for manufacturing a thin flat panel display according to the invention. 

FIG. 2A is a cross-sectional view showing a thin flat panel display having a thin film 
transistor during a second step of the method for manufacturing a thin flat panel display 
5 according to the invention. 

FIG. 2B is a cross-sectional view showing a thin flat panel display having first and 
second electrode layers and a luminescent layer, which are connected to the thin film transistor, 
during the second step of the method for manufacturing a thin flat panel display according to the 
invention. 

10 FIG. 2C is a cross-sectional view showing a thin flat panel display after a second step of 

the method for manufacturing a thin flat panel display according to the invention. 

FIG. 3 A is a cross-sectional view showing upper and lower substrates joined together 
during a third step of the method for manufacturing a thin flat panel display according to the 
invention. 

15 FIG. 3B is a cross-sectional view showing the joined upper and lower substrates having a 

protection film attached to their side edges in the third step of the method for manufacturing a 

thin flat panel display according to the invention. 

FIG. 4 is a cross-sectional view illustrating a fourth step of the method for manufacturing 

a thin flat panel display according to the invention. 
20 FIG. 5 is a cross-sectional view illustrating a fifth step of the method for manufacturing a 

thin flat panel display according to the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



A method for manufacturing a thin flat panel display according to the invention can be 
applied to image display devices, such as, organic EL displays, and the like. The method for 
manufacturing a thin flat panel display does not affect a process of forming an image display 

5 means (e.g., an electrode layer, an organic layer, a thin film transistor layer, an orientation layer, 
and the like). A thin flat panel display according to the invention has flexible substrates. 

FIG. 1 shows etchable upper and lower substrates 12 and 1 1 prepared during a first step 
in a method for manufacturing a thin flat panel display according to an exemplary embodiment 
of the invention. The upper and lower substrates 12 and 1 1 in the first step are thicker than those 

10 of a completed thin flat panel display, and accordingly, they have sufficient structural strength. 
Hence, when an image display part to be described later is formed, pattern distortion is 
prevented. In the embodiment of FIG. 1, the upper and lower substrates 12 and 1 1 are formed of 
an etchable glass-based material. However, the invention is not limited to this embodiment, so 
the upper and lower substrates 12 and 1 1 may be formed of other materials that are etchable and 

15 have an insulating property. The upper and lower substrates 12 and 1 1 have inner surfaces 12a 
and 11a, respectively. 

After the upper and lower substrates 12 and 1 1 are completely prepared, a second step of 
forming an image display means 20 on the inner surface 1 la of the lower substrate 1 1 is 
executed (see FIG. 3A). Depending on the size of the to-be-manufactured thin flat panel display 
20 and the conditions for manufacturing the same, one or a plurality of image display means 20 is 
formed on the inner surface (i.e., the upper surface) 1 la of the lower substrate 11. If a plurality 
of image display means are formed on the upper surface 1 la of the lower substrate 1 1, the upper 
and lower substrates 12 and 1 1 are cut in units of image display means in a fifth step to be 
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described later. Thus, different image display means are isolated from one another at 
predetermined intervals. If a large-sized flat panel display is intended to be manufactured, one 
large image display means can be formed on the lower substrate 1 1 . 

The detailed structure of the image display means varies depending on the type of a thin 
5 flat panel display to be manufactured. In the specification, an organic EL display device is 
chosen as an example of the thin flat panel display. 

FIG. 2A shows the lower substrate 1 1 having a thin film transistor of the organic EL 
display device. As shown in FIG. 2A, a buffer layer 21 is formed on the upper surface of the 
lower substrate 1 1 . P-type and/or n-type semiconductor layers 22 are formed on the buffer layer 
10 21 in a predetermined pattern. The p-type or n-type semiconductor layers 22 are covered with a 
gate insulating layer 23. A gate electrode layer 24, which can form a conductive channel in the 
semiconductor layer 22, is formed on the upper surface of the gate insulating layer 23 and 
covered with a first insulating layer 25. The first insulating layer 25 and the gate insulating layer 
23 have holes that expose some areas of the semiconductor layer 22. The holes are filled with a 
15 drain electrode 26 and a source electrode 27, and the first insulating layer 25 is covered 

therewith. Each of the drain and source electrodes 26 and 27 is electrically connected to the 
semiconductor layer 22. A capacitor 28 is located beside the thin film transistor and includes a 
first electrode 28b and a second electrode 28a. The first electrode 28b is formed at the same time 
when the gate electrode 24 is formed. The second electrode 28a is formed simultaneously with 
20 the formation of the source electrode 27 so as to be combined therewith. 

FIG. 2B shows the lower substrate 1 1 having a sub-pixel, which includes a luminescent 
layer 3 1 and two electrode layers 32 and 29. The luminescent layer 3 1 emits light, and the two 
electrode layers 32 and 29 are formed on upper and lower surfaces, respectively, of the 
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luminescent layer 3 1 . After the thin film transistor is formed on the lower substrate 1 1 as shown 
in FIG. 2A, a second insulating layer 25a is formed on the upper surface of the first insulating 
layer 25. A first electrode layer 29 electrically connected to the drain electrode 26 is formed on 
the upper surface of the second insulating layer 25a. A third insulating layer 30 is formed on the 
5 upper surface of the second insulating layer 25a. The luminescent layer 3 1 is formed on the 
upper surface of the first electrode layer 29. A second electrode layer 32 is formed on the upper 
surface of the luminescent layer 3 1 and on the upper surface of the third insulating layer 30. A 
protection film 13 is formed on the second electrode layer 32 in order to level a resultant uneven 
surface of the second electrode layer 32. FIG. 2B shows one sub-pixel. Such sub-pixels are 
10 arranged in a matrix configuration on the lower substrate 11, thereby forming one image display 
means 20. 

If the image display means is to be manufactured using liquid crystal, the second 
electrode layer 32 is formed on the lower surface of the upper substrate 12. An orientation layer 
for orienting liquid crystal is formed on each of facing surfaces of the first and second electrode 
15 layers 29 and 32. The space between the two orientation layers is filled with liquid crystal. 

After the second step is completed, the upper and lower substrates 12 and 1 1 have cross- 
sections as shown in FIG. 2C. 

A third step of combining the upper and lower substrates 12 and 1 1 together so that the 
image display means 20 are individually sealed up will now be described with reference to FIG. 
20 3 A. In the third step, a first sealing member 3 1 is formed on the facing edges of the upper and 
lower substrates 12 and 1 1, and a second sealing member 32 is formed such as to partition each 
of the image display means 20. After the first and second sealing members 3 1 and 32 are coated, 
the upper and lower substrates 12 and 1 1 are aligned and then combined together. The first 
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sealing member 31 formed on the facing edges of the upper and lower substrates 12 and 1 1 
protects the image display means 20 from an etching solution, which is used in a fourth step to 
be described later. In the third step, preferably, an unetchable protection film 33 is attached to 
the lateral sides of the upper and lower substrates 12 and 1 1 as shown in FIG. 3B in order to 
prevent the sides of the upper and lower substrates 12 and 1 1 from being etched by an etching 
solution. 

After the third step of combining the upper and lower substrates 12 and 1 1, a fourth step 
of etching outer surfaces 12b and 1 lb (shown in FIG. 3) of the upper and lower substrates 12 and 
11, respectively, is performed, as shown in FIG. 4. Although FIG. 4 shows chemical etching of 
the outer surfaces 12b and 1 lb of the upper and lower substrates 12 and 1 1, it may be etched in a 
physical method. An etching solution for the chemical etching may be fluoric acid, hydrochloric 
acid, or the like. Preferably, the thickness (T) of each of final upper and lower substrates etched 
is smaller than or equal to 0.5mm. If the thickness (T) of each of the final upper and lower 
substrates is less than or equal to 100 a m, the final upper and lower substrates become flexible. 
The thicknesses of the upper and lower substrates may be determined differently from the 
beginning in order to obtain final upper and lower substrates of different thicknesses. 

FIG. 5 illustrates a fifth step of cutting the upper and lower substrates 12 and 1 1 whose 
outer surfaces 12b and 1 lb have been etched in the fourth step, in units of an image display 
means 20. The fifth step is required in the case that a plurality of image display means are 
formed on a lower substrate. Preferably, the upper and lower substrates 12 and 1 1 are cut apart 
using a laser beam. 

In the above-described method for manufacturing a thin flat panel display, the image 
display means 20 are formed on the lower substrate 1 1 according to a method for manufacturing 
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a non-thin-type flat panel display, the lower substrate 1 1 having the image display means 20 is 
combined with the upper substrate 12, and the outer surfaces 12b and 1 lb thereof are etched, 
thereby manufacturing a thin flat panel display. Hence, the manufacturing process is simple, and 
the number of inferior goods produced due to the formation of an image display means on a thin 
5 substrate can be greatly reduced. 

The operation of an organic EL display manufactured in such a manufacturing method 
according to the invention will now be described briefly. When a predetermined voltage is 
applied to the first and second electrode layers 29 and 32 by a thin film transistor, holes 
introduced from the first electrode layer 29 are combined with electrons introduced from the 
10 second electrode layer 32 in the luminescent layer 31 to thereby produce exitons. As the excited 
state of the excitons is changed to a ground state, fluorescent molecules on the luminescent layer 
31 emit light. The emitted light is discharged from the organic EL display device via the first or 
second electrode layer 29 or 32. 

In such thin flat panel displays, after the upper and lower substrates are adhered to each 
1 5 other, their outer surfaces are etched, and accordingly they become thinner. Hence, the upper 
and lower substrates become flexible. 

In a method for manufacturing a thin flat panel display according to the invention, thin 
upper and lower substrates can be obtained even by using a conventional method for 
manufacturing a non-thin flat panel display. Also, because an image display means is formed 
20 when the upper and lower substrates are still thick, the stability of the manufacturing process and 
the nondefective proportion of products are improved. 

While the invention has been particularly shown and described with reference to 
exemplary embodiments thereof, it will be understood by those of ordinary skill in the art that 
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various changes in form and details may be made therein without departing from the spirit and 
scope of the invention as defined by the following claims. For example, the invention can be 
applied to liquid crystal displays and the like. 
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